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Abstract

Genomic variation and evolution of Clostridium difficile Miao He

Clostridium difficile has rapidly emerged, in part through the transcontinental spread of
various PCR ribotypes including 001, 017, 027 and 078, as the leading cause of
antibiotic-associated diarrheal disease in humans. In particular, a previously rare
ribotype 027 was recognized as the underlying cause of a number of hospital
outbreaks worldwide. However, the genetic basis of the emergence of C. difficile as a

human pathogen is unclear.

In this thesis, comparative genomic analysis was used to identify genetic variation
within the C. difficile population and to further understand the evolution of this
organism. Genome comparison between isolates belonging to different ribotypes
revealed C. difficile is a genetically diverse species, which is estimated to have evolved
within the last 1.1-85 million years. Disease-causing isolates have arisen from multiple
lineages, suggesting that virulence can evolve independently. Horizontal gene transfer
and large-scale recombination of core genes have shaped the C. difficile genome over

both short and long time scales.

Ribotype 027 isolates have a highly similar genomic backbone. To understand the
genetic characteristics driving the emergence of this group and identify the genetic
relationships between pre-epidemic and recent 027s, whole genome sequencing was
applied to a global collection of 339 isolates spanning 25 years. Phylogenetic analysis
based on SNPs identified within the core genome discriminated between >100 distinct
genotypes and identified two distinct epidemic lineages that have acquired
fluoroquinolone resistance independently. One of these lineages has spread more
widely and contains descendants from Canada, the USA, the UK, and Australia.
Further antibiotic resistance mutations and potential signatures of immune selection
were also identified. Strikingly, even among these isolates, which share a highly similar
core genome, there is evidence that large-scale homologous recombination and

horizontal gene transfer are significant.

The global collection also included >100 ribotype 027 isolates sampled from the same
English hospital and the associated patient capture areas. Phylogenetic analysis was
used to distinguish relapse from re-infection cases within this particular sample set.
Additionally, by combining temporal and spatial data, the use of genetic variation

analysis to study local hospital transmission was explored.
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CGH
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PMC
REA
RFLP
tMRCA
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Artemis comparison tool

C. difficile infection

Coding sequence

Comparative genomic hybridization

Contiguous sequence from overlapping reads

Billion years ago

General time reversible substitution model

Similarity through convergent evolution but not by descent
Integrative and conjugative elements

Insertion sequence

Jukes and Cantor substitution model

Multi-locus sequence typing

Multiple-locus variable-number tandem-repeat analysis
Most recent common ancestor

Pulsed-field gel electrophoresis

psedomembraneous colitis

Restriction endonuclease analysis

Restriction fragment length polymorphism

Time to most recent common ancestor
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